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test	 how	 outcomes	 differ	 between	 assessors.	 Two	 independent	 assessments	were	
made	by	Kraus	(Annual	Review	of	Ecology	Evolution	and	Systematics,	46,	2015,	75-
97)	and	Kumschick	et	al.	(Neobiota,	33,	2017,	53-66),	including	independent	literature	
searches	 for	 impact	 records.	Most	of	 the	differences	between	these	two	classifica-
tions	can	be	attributed	to	different	 literature	search	strategies	used	with	only	one-	










ous	 assessors	 and	 a	 structured	 review	 process	 for	 assessments,	 as	 proposed	 by	
Hawkins	et	al.	(Diversity and Distributions,	21,	2015,	1360),	can	ensure	that	biases	can	
be	avoided	and	all	important	literature	is	included.
K E Y W O R D S
alien	species,	biological	invasions,	impact	scoring,	listing,	management,	policy	making,	
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1  | INTRODUCTION
Species	 are	 being	 moved	 beyond	 the	 natural	 limits	 of	 their	 native	
ranges	at	a	staggering	rate.	Some	of	these	species	(here	termed	alien	













One	of	 the	 recently	 developed	 impact	 scoring	 systems	 for	 alien	








of	 impact,	 overcoming	 concerns	 about	 subjectivity	 and	 knowledge	
bias	 in	 expert-	opinion-	based	 assessments	 and	 listing	 (e.g.,	 Evans,	
Kumschick,	&	Blackburn,	2016;	Kumschick	et	al.,	2016).	Furthermore,	
EICAT	includes	a	mechanism	for	assigning	confidence	estimates	in	its	



















such	guidelines	to	be	most	effective,	 it	 is	 important	for	them	to	ad-
dress	potential	sources	of	bias	in	the	application	of	the	scheme.	In	this	
study,	we	 therefore	compare	and	contrast	 two	classifications	of	 the	
environmental	impacts	of	alien	amphibians	conducted	by	independent	
parties,	 both	 using	 the	 EICAT	 scheme	 (Blackburn	 et	al.,	 2014).	One	
assessment	was	made	before	 the	 guidelines	were	published	 (Kraus,	
2015),	the	other	one	closely	followed	the	guidelines	(Kumschick	et	al.,	




sources	of	potential	bias,	namely	 (1)	differences	 in	 interpretation	of	
(a)	mechanisms	and	(b)	magnitude	(classifications)	of	impacts;	and	(2)	










2016).	Given	 these	 different	 goals,	 the	 information	 search	 strategy	






mented	with	 two	 records	 from	 the	 IUCN	Red	 List	 using	 searches	
for	extralimital	species	(Bombina orientalis	and	 Ingerophrynus bipor-
catus)	(Kumschick	et	al.,	2017).	All	other	species	are	assumed	to	be	
No	Alien	 Populations	 (NA)	 under	 the	 EICAT	 classification	 scheme	
(Hawkins	et	al.,	2015).	Kraus	did	not	 search	 for	 literature	on	each	
individual	species,	but	used	more	general	search	terms	due	to	the	
goal	of	his	 assessment	 (a	 general	 review	of	 the	 literature	on	alien	
amphibian	impacts	of	moderate	or	large	magnitude),	supplemented	
with	more	 targeted	 searches	on	 several	 species	 already	known	 to	
have	impacts	(Table	1).	Kraus’	assessment	therefore	did	not	include	
all	the	alien	species	assessed	by	Kumschick	et	al.	but	only	those	spe-
cies	 for	which	 he	 could	 find	moderate	 or	 higher	 impacts	with	 his	
search	 strategy.	 It	was	 thus	 left	 unremarked	whether	 species	 not	
assessed	by	Kraus	 fell	 into	 lower-	impact	 categories,	or	were	Data	
Deficient	 (DD)	 under	 the	 EICAT	 classification	 scheme	 (Hawkins	
et	al.,	2015).
EICAT	 classifies	 alien	 species	 according	 to	 the	 magnitude	 of	
their	 impacts	under	a	 set	of	 twelve	 impact	mechanisms.	The	mech-
anisms	 are	 outlined	 in	 the	Global	 Invasive	 Species	Database	 (www.
iucngisd.org/gisd/)	and	are	as	follows:	(1)	competition;	(2)	predation;	
(3)	hybridization;	 (4)	 transmission	of	diseases	to	native	taxa;	 (5)	par-
asitism;	 (6)	 poisoning/toxicity;	 (7)	 bio-	fouling;	 (8)	 grazing/herbivory/
browsing;	(9)	chemical;	(10)	physical	or	(11)	structural	impact	on	eco-
system;	 (12)	 interaction	with	 other	 alien	 species.	The	magnitude	 of	
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impact	 then	 allows	 species	 to	 be	 classified	 into	 the	 following	 cate-
gories	(for	this	study,	we	follow	the	updated	terminology	in	Hawkins	
et	al.,	2015):	Minimal	Concern	(MC)—impact	on	individuals	of	at	least	
one	 native	 taxon	 demonstrated,	 but	 no	 effect	 on	 fitness	 reported;	
Minor	(MN)—reducing	the	fitness	of	individuals	of	one	or	more	native	





known	alien	populations	based	on	Kraus	 (2009)	 and	 IUCN	Red	List	
were	classified	as	NA.
EICAT	 classifications	 are	 based	 on	 evidence	 provided	 in	 the	
published	and	gray	 literatures,	which	were	searched	as	described	 in	
Table	1.	 Each	 classification	 should	 be	 accompanied	 by	 a	 confidence	
score	based	on	the	availability	and	quality	of	the	data	underlying	the	

















cies,	 at	 an	 average	 of	 13.3	 studies	 per	 species.	 The	 assessment	 by	
Kumschick	et	al.	is	based	on	more	references	(242)	for	more	species	
(39),	but	a	lower	average	number	of	references	per	species	(5.9).	The	








both	 studies	 led	 to	 the	 same	 overall	 classification	 (i.e.,	 magnitude;	
Figure	1),	 with	 the	 exception	 of	Pelophylax bergeri	 where	 the	 same	
(1)	 reference	 was	 interpreted	 differently	 in	 the	 two	 assessments.	
Nevertheless,	in	two	cases	the	same	classification	was	given	based	on	
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Pelophylax kurtmuelleri	 and	 Pelophylax esculentus	 were	 excluded	 by	
Kumschick	et	al.	due	to	uncertainty	regarding	their	status	as	separate	
species,	 see,	 e.g.,	 Akın	 et	al.,	 2010).	 Impact	 classifications	were	 the	
same	in	terms	of	maximum	magnitude	for	five	of	these	13	commonly	
assessed	species	 (Table	2).	For	another	 six	 species,	 the	 impact	clas-
sification	differed	by	one	category	(e.g.,	MV	vs.	MR	for	Xenopus lae-
vis;	Table	2).	However,	the	assessments	for	two	species	(Discoglossus 





et	al.	 but	 not	 by	 Kraus	 (Table	2).	 For	 all	 of	 these	 species,	 three	 or	

























scheme	 itself.	 Furthermore,	 one	 assessment	was	 performed	 before	
the	guidelines	(Hawkins	et	al.,	2015)	were	published	(Kraus),	the	other	
one	(Kumschick	et	al.)	afterward.
An	 obvious	 difference	 between	 the	 two	 studies	 was	 that	
Kumschick	et	al.	provided	assessments	for	more	than	twice	as	many	
amphibian	species	as	did	Kraus	 (39	vs.	15).	This	difference	arose	as	
a	 result	 of	 the	 underlying	 aims	 of	 each.	 Kraus	was	 only	 interested	
in	species	with	well-	supported	and	higher	 (MO	to	MV	 in	 the	EICAT	
scheme)	impacts	because	his	wider	aim	was	to	review	the	impacts	of	
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First,	 because	 only	 three	 of	 the	 impact	 categories	 in	 the	 EICAT	
scheme	 (MO,	 MR,	 and	 MV)	 were	 considered	 in	 both	 studies,	 the	










to	 be	 of	 low	 confidence	 (the	 revised	 descriptors	 of	 confidence	 in	
Hawkins	et	al.	(2015)	were	not	available	to	him).	We	do	not	know	how	
Kraus’s	classifications	of	these	23	additional	species	may	have	been	
altered	by	 including	 studies	with	 low	confidence.	Additional	 studies	
would	not	have	led	to	lower-	impact	classifications	for	any	species,	as	
lower-	quality	data	on	lower	impacts	will	not	outweigh	higher-	quality	
data	 identifying	higher	 impacts	 in	 the	EICAT	methodology.	Allowing	
lower-	confidence	 data	 could	 have	 resulted	 in	 higher-	impact	 classi-
fications	 by	Kraus	 for	 some	 species,	 as	was	 the	 case	 for	 the	 seven	
species	Kumschick	et	al.	scored	as	MO	or	MR	largely	on	the	basis	of	
low-	confidence	 data.	There	may	 thus	 be	 data	 legitimately	 to	 assign	
these	 species	 to	higher	EICAT	categories	 if	 incorporated,	 increasing	




acceptance	of	 low-	quality	data	by	Kraus	may	not	have	 led	 to	many	
amphibian	 species	 being	 elevated	 under	 his	 scoring	 system,	 main-
taining	the	overlap	between	those	species	he	did	not	categorize	and	
the	MC	and	MN	species	of	Kumschick	et	al.	Generally,	classification	






























2015).	 It	 also	highlights	 the	many	 species	 for	which	no	evidence	of	
impact	has	even	been	sought	 (DD).	This	needs	 to	be	 taken	 into	ac-
count	 not	 only	 when	 comparing	 results	 between	 species,	 but	 also	
when	taking	management	decisions	and	putting	restrictions	into	place	
regarding	 species.	 It	has	been	 recognized	 that	decisions	need	 to	be	
taken	 regardless	of	uncertainty,	 but	 this	needs	 to	be	acknowledged	
and	 the	 sources	 ranked	 accordingly	 (Regan	 et	al.,	 2005).	 Reporting	
assessments	 for	 all	 species	will	 also	help	us	 to	understand	whether	
evidence	of	higher	impacts	by	some	species	in	the	future	arises	from	
genuine	 change	 in	 impact	 status	or	 from	new	evidence	of	preexist-
ing	 impacts	 (Hawkins	et	al.,	 2015).	 Such	 information	 is	 important	 in	










et	al.	 found	207	 references	 for	 the	13	 species	 in	 common	between	
their	and	Kraus’s	assessments,	versus	199	references	used	by	Kraus	
for	 the	 15	 species	 he	 assessed.	Of	 these	 207	 references,	 195–197	








studies	 (Table	1).	The	differences	 in	 the	 reference	base	used	 for	 the	
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Kumschick	 et	al.	 did	 not	 have	 access	 to	 some	 of	 the	 unpublished	
agency	reports	providing	some	of	the	strongest	evidence	of	predation	
impacts	from	Lithobates catesbeianus.
We	 suggest	 that	 given	 the	 limited	 overlap	 between	 references	
included	in	the	two	studies	(Figure	1),	differences	in	interpreting	the	
EICAT	criteria	are	not	the	primary	reason	for	differences	in	the	clas-
sifications	 by	 Kraus	 and	 Kumschick	 et	al.	 The	 limited	 cases	 where	
differences	could	be	attributed	 to	different	 interpretation	may	have	
arisen	 because	 the	 extensive	 criteria	 and	 guidelines	 developed	 by	
Hawkins	et	al.	 (2015)	 for	 implementing	EICAT	were	not	available	 to	
Kraus.	 These	 criteria	were	 specifically	 produced	 to	 eliminate	 ambi-
guities,	 and	 to	ensure	 as	 far	 as	possible	 that	 all	 classifications	were	
consistent	and	comparable.	We	suspect	that	the	use	of	these	in	both	
assessments	 would	 have	 increased	 the	 congruence	 in	 outcomes.	
For	example,	D. pictus	was	classified	as	MR	by	Kraus	on	the	basis	of	












































2006;	Hanselmann	et	al.,	 2004),	 first	 discovery	of	Bd	 in	Britain	 in	 a	
recently	established	population	of	L. catesbeianus	(Cunningham	et	al.,	
2005;	 Fisher	 &	 Garner,	 2007),	 frequent	 asymptomatic	 infection	 of	
L. catesbeianus	and	X. laevis	(Daszak	et	al.,	2004;	Mazzoni	et	al.,	2003;	
Weldon	et	al.,	2004)	 that	makes	each	species	effective	disease	vec-
tors,	and	temporal	correlation	of	the	spread	of	Bd with the wide dis-
semination	of	L. catesbeianus	and	X. laevis	in	the	20th	century.	Hence,	
it	seemed	likely	that	both	species	have	contributed	to	the	spread	of	
Bd	 (Fisher	&	Garner,	 2007),	 although	Kraus	 (2015)	 noted	 that	 they	
were	not	the	sole	vectors	responsible.	This	difference	in	expert	views	
highlights	the	difference	between	different	types	of	evidence	of	 im-
pact,	which	are	discussed	by	Hawkins	et	al.	 (2015).	Overall,	 there	 is	
no	study	which	has	shown	the	transmission	of	chytridiomycosis	from	














transmission	 is	 needed.	 If	 one	 of	 these	 factors	 is	missing,	 the	 alien	
species	should	get	a	“red	flag”	indicating	that	more	research	is	needed.	





Often	we	 find	 evidence	 for	 the	 alien	 species	 being	 a	 host	 of	 a	
(more	or	less	devastating)	disease	(e.g.,	Fisher	&	Garner,	2007),	and	in	
some	cases,	spread	of	the	disease	with	the	alien	host	is	studied	(e.g.,	
Hanselmann	et	al.,	 2004;	Jancovich	et	al.,	 2005).	 In	 these	 cases,	we	






















that	 the	 criteria	 have	 been	 applied	 correctly,	 that	 the	 evidence	 has	
been	interpreted	correctly	in	respect	of	the	criteria,	and	that	the	sup-
porting	evidence	is	sufficient	to	justify	the	resulting	classification	(cf.	








the	same	 impact	 scheme,	 these	differences	cannot	be	attributed	 to	
features	 of	 the	 scheme.	 Rather,	 differences	 in	 the	 literature	 used,	
study	aim,	approach	to	low-	quality	data,	and	interpretation	play	a	role,	
with	 the	 first	 three	of	 these	being	most	 important	 in	 this	case.	The	
differences	 in	scoring	between	 the	 two	assessments	emphasize	 the	




utility	of	 the	data	 for	both	management	and	 further	studies	 related	
to	 impact	magnitude.	 The	 differences	 in	 assessments	 also	 highlight	
the	need	for	consistency	checks	regarding	the	scoring	methodology	
and	a	review	of	the	classification	in	general.	The	clear	guidelines	and	
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